A widely-expressed protein tyrosine phosphatase, SHP-2, regulates apoB secretion by insulin. We hypothesised that a variation in the SHP-2 gene, PTPN11, may interact with smoking to influence serum lipid concentrations. The study comprised 794 subjects (278 males and 516 females), aged 39-88 years, who attended a health examination in Hokkaido, Japan in 2003. Subjects were genotyped for a G/A PTPN11 polymorphism (rs2301756). The mean serum LDL cholesterol, HDL cholesterol and triglyceride levels, stratified by genotype, were compared between current and non-(never or ex-) smokers. Among the AA genotype carriers, LDL cholesterol levels were significantly decreased in current vs. nonsmokers [mean ± SD, 101±34 mg/dl vs. 146±40 mg/dl; b (adjusted mean difference) = -56.0; 95% CI -102.8 to -9.3; p=0.019 after adjustment for age, sex and body mass index]. In contrast, HDL cholesterol levels were increased in current vs. non-smokers (66±5 mg/dl vs. 58±12 mg/dl; b=14.9; 95% CI 3.1 to 26.8; p=0.014 after adjustment). The interaction between a current smoking habit and the AA genotype had a significant effect on LDL and HDL cholesterol (LDL-C, p=0.039; HDL-C, p=0.020). These data suggest that cigarette smoking might alter the metabolism of cholesterol in Japanese PTPN11 AA genotype carriers.
Introduction
Cigarette smoking and an increased level of LDL cholesterol (LDL-C) or decreased level of HDL cholesterol (HDL-C) are risk factors for cardiovascular disease. Increases in LDL-C levels and decreases in HDL-C levels have been observed in smokers (1) , and a positive multiplicative interaction between smoking and LDL-C levels in coronary heart disease incidence has been observed (2) . Cigarette smoking is an oxidative stress that causes genetic damage (3) and can either up-or downregulate gene expression levels (4) . Studies have tried to clarify the effect of the gene-smoking interaction on lipid concentrations (5, 6) , and have revealed that both genetic variants and environmental factors, including a current smoking habit, influence serum cholesterol levels (7) .
Src homology 2 domain-containing protein tyrosine phosphatase-2 (SHP-2) is a widely-expressed protein tyrosine phosphatase (8) that regulates both acute and adaptive control of apoB secretion by insulin (9) (10) (11) . The PTPN11 gene, which encodes SHP-2, is on chromosome 12 and contains 16 exons. Jamshidi et al selected three tagging single nucleotide polymorphisms (SNPs), rs11066322, rs11066320 and rs2301756, and demonstrated in a Caucasian female population that PTPN11 rs11066322 was associated with apoB levels and rs11066320 with LDL-C levels (12) . However, the NCBI Variation Database shows that, in the Japanese population, SNP rs11066320 does not exist or is very rare, while rs11066322 and rs2301756 are in nearly complete linkage disequilibrium with each other. We therefore selected rs2301756, (IMS-JST057927 in the Japan Single Nucleotide Polymorphism database), located in intron 3, 223-bp upstream of exon 4, as a candidate SNP influencing LDL-C levels among the Japanese.
Patients and methods
Study population. Annual health examinations have been available to inhabitants in a rural area of Hokkaido, Japan since 1982. A total of 864 examinees (309 males and 555 females) aged 39-88 years who attended a health examination in August 2003 were considered for the present polymorphism study. Of these, 60 subjects who did not agree to participate, 7 subjects whose genotype analyses were not successful and 3 subjects whose smoking status could not be determined were excluded. As well, 91 subjects taking lipid-lowering medication were not included in the analysis of lipid profiles. The remaining 703 subjects (257 males and 446 females), aged 39-88 years, were included in the study. Written informed consent was obtained from each participant, and the study was approved by the Biochemical analysis and smoking status. Blood sample collection for determining fasting lipids was carried out on subjects after a minimum 8-h overnight fast. A colourimetric enzymatic method was used to determine total cholesterol, HDL-C and triglyceride levels using an autoanalyzer (L-type Wako, CHO.M, HDL-C.M, TG.M, Tokyo, Japan). The Friedewald equation (13) was used to calculate LDL-C levels in subjects with triglycerides <400 mg/dl (n=696):
Smoking status was determined by a standardised questionnaire and defined as current or non-(never or ex-) smoker.
Genotyping. DNA was extracted from whole blood using a BioRobot EZ1 (Qiagen Group, Tokyo, Japan). An SNP in intron 3 of PTPN11 (rs2301756) was genotyped by polymerase chain reaction with confronting two-pair primers (PCR-CTPP) (14) . The primers were: F1 (5'-GATTGGGCA ATGGACGA) and R1 (5'-AATGACCACTAAACTTCTTAA ATGAGC); F2 (5'-CATTTGTCTCTAAAGGACTGTGGA) and R2 (5'-AATCTGCATCCCATGCAG) (15) . Genomic DNA was added to a volume of 25 μl with 0.12 mM dNTPs, 25 pmol of each primer, 0.5 units of AmpliTaq Gold (PerkinElmer, Foster City, CA) and 2.5 μl 10X PCR buffer including 15 mM MgCl 2 . PCR was performed with initial denaturation at 95˚C for 10 min, followed by 30 cycles of denaturation at 95˚C for 1 min, annealing at 60˚C for 1 min and extension at 72˚C for 5 min. The final extension was conducted at 72˚C for 5 min. The PCR product was visualised on a 2% agarose gel with ethidium bromide staining. G and A alleles were identified by the presence of 125 bp and 94 bp bands, respectively.
Statistical analysis. Background characteristics were compared among subjects with the GG, GA and AA genotypes using the analysis of variance or the χ 2 test. Triglyceride levels were transformed to their logarithms to improve the normality of distribution, and the geometric means and inter-quartile range were given. The mean serum LDL-C and HDL-C and the geometric mean of triglyceride levels were stratified by genotype. These serum lipid levels, adjusted for age, sex and body mass index (BMI) by multiple linear regression models, were then compared in current and non-smokers. The bootstrap method with 1000 replications was used to derive a 95% confidence interval (CI) using the bias corrected and accelerated (BCa) method, which was shown to be appropriate for small sample sizes because of its high internal and external validity (16) . The effect of interactions between a current smoking habit and the AA genotype on LDL-C and HDL-C levels, adjusted for age, sex and BMI, was calculated, and the genotype distribution of the PTPN11 polymorphism was tested for Hardy-Weinberg equilibrium. STATA Version 9 (STATA Corp., College Station, TX) was used for these analyses.
Results
The characteristics of the subjects according to PTPN11 genotype are shown in Table I . Of the subjects, 62, 33 and 5% had the GG, GA and AA genotype, respectively. This distribution was in Hardy-Weinberg equilibrium (χ 2 =0.41, p=0.521). There were no significant differences among the three genotypes in terms of age, sex, BMI, proportion of subjects with lipidlowering medication, or ex-or current smokers.
The mean serum levels of LDL-C and HDL-C and the geometric mean of triglyceride levels according to the PTPN11 polymorphism and smoking status are shown in Table II . Among the AA genotype carriers, a decreased level of LDL-C was observed in current smokers vs. non-smokers (mean ± SD, 101±34 mg/dl vs. 146±40 mg/dl). This difference was statistically significant after adjustment for age, sex and BMI [b (adjusted mean difference) = -56.0; 95% CI -102.8 to -9.3; p=0.019) (Table III) . Among GA genotype carriers, decreased levels of LDL-C were also observed in current vs. non-smokers (130±33 mg/dl vs. 139±29 mg/dl), but this difference did not retain statistical significance after adjustment. Such a difference was not observed among GG genotype carriers. As well, the mean HDL-C level was increased in current smokers with the AA genotype, which was not observed among the other genotype carriers. The effect of interactions between a current smoking habit and the AA genotype on LDL-C and HDL-C were significant (LDL-C: interaction -22.8, 95% CI -42.5 to -3.2, p=0.023; HDL-C: interaction 16.4, 95% CI 2.6 to 30.2, p=0.020). The difference in the geometric mean of triglyceride levels between current and non-smokers was not significant for any genotype (data not shown). ----------------------------------------------------------------------------------------------------- a Calculated by analysis of variance or a 2 by 3 χ 2 test.
----------------------------------------------------------------------------------------------------
GG GA AA n=493 n=261 n=40 p-value a -
-

Discussion
The results of this study demonstrate that the rs2301756 polymorphism of the PTPN11 gene (encoding SHP-2) interacts with smoking to modify LDL-C and HDL-C levels. In the case of the PTPN11 AA genotype, a significant decrease in LDL-C levels and increase in HDL-C levels were observed in current smokers compared to non-smokers. A recent study by Jamshidi et al (12) revealed that PTPN11 rs11066320 was associated with LDL-C levels in a Caucasian female population. However, this SNP does not exist or is very rare in the Japanese population. It is therefore possible that rs2301756, another SNP that is prevalent among the Japanese, might determine LDL-C levels in a Japanese population, if functional. Another study showed the cholesterol-dependent binding of SHP-2 to membranes, which represents a mechanism for maintaining junctional stability (17) . Consequently, based on experimental and epidemiological studies demonstrating the association between SHP-2 and cholesterol levels, our hypothesis that the SHP-2 gene polymorphism might be related to cholesterol levels warranted investigation.
Previous studies have shown an increase in LDL-C and a decrease in HDL-C levels among smokers in Caucasian populations (1) . Though an increase in LDL-C levels has not been observed in a Japanese population (18) , a positive multiplicative interaction between smoking and LDL-C in coronary heart disease incidence has been reported (2). The relative risk for coronary heart disease in current smokers and non- Table III . Mean LDL (n=696) and HDL (n=703) cholesterol levels in current vs. non-smokers according to PTPN11 genotype. 
a Adjusted for age, sex and BMI by multivariate regression models with bootstrap method. Non-smoker, never or ex-smoker; b, coefficient; CI, confidence interval. Table II . Mean LDL cholesterol (n=696), HDL cholesterol (n=703) and triglyceride levels (n=703) according to PTPN11 genotype and smoking status. 
Subjects taking lipid-lowering medication were excluded. SD, standard deviation.
smokers was 2.91 in subjects with an LDL-C of 130-159 mg/dl, and only 1.33 in subjects with an LDL-C below 100 mg/dl. The study showed that the mean LDL-C level was only 101 mg/dl in subjects with the AA genotype who smoked. Whether or not cardiovascular risk is less for AA genotype smokers compared to smokers of other genotypes must be validated by prospective studies, and the cessation of smoking remains of definite importance for carriers of any genotype.
It is known that the deregulation of SHP-2 by Helicobacter pylori CagA protein may induce abnormal proliferation of gastric epithelial cells and cause gastric cancer (19) . We have shown that both Japanese (15) and Japanese-Brazilian (20) subjects with the AA genotype have a reduced risk of gastric atrophy as compared to GG genotype carriers. This suggests that the AA genotype might be related to the formation of a less active form of SHP-2. Molecular analysis must be conducted to determine whether this polymorphism is itself functional, or whether it is linked to another functional polymorphism, thus influencing SHP-2 activity.
The percentages of subjects in this study with the GG, GA and AA genotype were 62, 33 and 5%, respectively. These are similar to the percentages found in our two previous studies of Japanese (68, 29 and 4%) (15) and Japanese-Brazilian (66, 30 and 4%) (20) populations. Data from the HapMap database show that the G allele is dominant in Asians, while the A allele is dominant in Caucasians and African Americans. As allele frequency is completely different among populations, and as another SNP (rs11066320) might partly determine serum LDL-C levels in Caucasians (12) , this interaction of smoking and the AA genotype, with effects on cholesterol levels, may not be observed in Caucasians.
In summary, the polymorphism rs2301756 in the PTPN11 gene encoding SHP-2 interacts with smoking, thus influencing LDL-C and HDL-C levels. Among PTPN11 AA genotype carriers, a significant decrease in LDL-C and increase in HDL-C levels were observed in current smokers. These data suggest that cigarette smoking might alter the metabolism of cholesterol in PTPN11 AA genotype carriers.
